Abstract
Introduction
The livestock sector of India is one of the largest populations in the world and contributes the largest economy of India. But the occurrence of most of the viral, bacterial and fungal diseases, which impacts a great economy loss to India, is now a major concern in both small and large ruminants. The major problem in livestock diseases is the lack of proper rapid diagnosis, which acts as missile for development of the livestock sector. Treatment of a disease condition is based on the diagnosis of the etiology; hence diagnosis plays a pivotal role in devising a control strategy. Current diagnostic methods to detect pathogens of both human and animal significance are expensive, time consuming and laborious (Peeling et al., 2010) . So the diagnostic method should be rapid, less expensive and does not require sophisticated techniques. To full fill the above parameters, now the lateral flow assay (LFA) is the new emerging field of science which can be used in livestock sector. LFA is an Immuno-chromatographic pen side test which implies the both principle of immunity and as well as chromatography. Different methodologies have been developed for developing different immunochromatographic systems (Dzantiev et al., 2014) This assay is carried out on the chromatographic paper which uses the capillary action of the paper on which immunological reactions take place. Lateral flow devices are simple devices planned to detect the presence or absence of a target antigen / antibody in sample without the need for specialized and costly equipment (Ajay et al., 2015) .The LFA, using nitrocellulose membrane as the immune-sorbent, provides a unique analytical platform that permits a one step, rapid and low cost analysis (Xiulan et al., 2005) . After antigen antibody reaction, the label gold nanoparticle accumulates at that location, appears on the membrane and gives red color (Yoshiki et al., 2001) . A lateral flow assay strip has six parts, is mainly completed by attaching the sample pad at the end of the membrane (Peruski and Peruski, 2003) .
This LFA system has devised in order to determine the concentration of the target analyte simply and rapidly. Furthermore, we can monitor the level of pathogen on real time with naked eye. This assay can operate as either in competitive or sandwich assays which may be operated in a plastic test cassette. This (Bautista et al., 2002) . Although use of LFA in livestock has been started, it is very important to know the proper design and the inherent principle of this assay. So this article will highlights all the above characteristics which would provide a good plat form for reviewers to understand about the principle and components of LFA which can be used as rapid diagnostic assay in livestock sector.
Design of LFA
The LFA is mainly performed in the lateral flow device which is composed of membrane, sample pad; conjugate pad, test line, control line and absorption pad (Parolo et al., 2013) . The detail design is given in Figure 1 .
Membrane
The function of the LFA mainly depends upon the characteristics of membrane. It should have certain parameters which allow the molecule to bind it firmly and the solution phase should interact with the immobilized phase without affecting the chemistry. The material of membrane is mainly made of cellulose, cellulose acetate, polyether sulfide and nylon, but nitrocellulose is primarily used due to its thickness of approximately 100 μm and its average pore size ranging from 0.05 to 15 μm in diameter.
However, nitrocellulose has established over other cellulose based membranes due to its higher capacity to immobilize antibodies (Tonkinson et al., 2002) and its hydrophobicity.
Sample Pad
It acts as an application pad where the sample is put on the strip which ensures the even distribution of the sample solution to the conjugate pad. It is designed such that it can prevent the flooding by controlling the flow rate to the conjugate pad.
Conjugate Pad
It is the second important portion of the strip where detector reagents such as labeled antibody complexes are placed and dried. It should fulfill certain parameters like low non specific binding, consistent flow Page4 characteristics as well as less required bed volume. Moreover, so it should not contain any extra free particles which may block the membrane capillaries.
Test Line
It is the hallmark of this LFA test. This line not only affects the specificity of the test but also influence the quality of the test. In many cases the result from this test can be read with the naked eye so the line should be sharp and clear. In order to achieve a readable line, some factors need to be considered. Antigen is immobilized at the test line of strip compete to bind with labeled conjugate (Liu et al., 2011) . In the test line, the concentration of protein/whole antigen bound to the membrane should be optimum otherwise the line become too weak which reduce the sensitivity of the test. However, if too much protein concentration is stripped on the membrane, then all the binding sites can be saturated and the line spreads.
Control Line
This line determines the validity of the test. It is the line mainly appeared after test line in the strip at which specific captured molecule (secondary antibody or protein G/A) is spotted which may be dependant or may be independent to the control line. This line must come whether the analyte present or absent in sample to be tested, failing which it may be interpreted as invalid to the test.
Absorbent Pad
It is the last portion of the strip which acts as an efficient absorber of excess liquid that is flown after reacting with test and control line. It mainly affects the sensitivity of the test by washing unbound detector particles away from the test and control lines which decrease the background and the detection limit.
Labels Used in LFA
Labels used in LFA play an important role in determining sensitivity of analysis and a variety of labels are being employed in LFA (Goryacheva et al., 2013) . These labels may be gold nanoparticles, colored latex beads, magnetic particles, carbon nanoparticles, selenium nanoparticles, silver nanoparticles, quantum dots, liposomes and others.
Principle of LFA
The basic principle of immune chromatographic assay is that first, the sample (antibody /antigen) is put on the sample pad from which it continues to flow to the adjacent conjugate pad where it reacts with the antibody or antigen conjugated with label (gold nanoparticle, latex beads). Then the solution is 
Factors Affecting the Performance of LFA

Pore Size
It is the important parameter for the efficiency of the LFA. It is the measure of the movement of particles through the membrane. However, it determines more accurately how large particle is flowed through the membrane without being clogged in it. But it is quite difficult to measure the pore size reliably. Porosity influences the surface area available for protein binding. As pore size decreases, the membrane surface area increases and more proteins can attach to the membrane. However, if the pores are too small, the molecules do not fit in it anymore
Capillary Flow Rate
It is the measure of the movement of particle through the pore in the membrane per unit of time. It is not constant because it decreases exponentially towards end of the experiment. This is very important factor for the performance of LFA.
Capillary Flow Time
It is the important parameter of LFA which mainly affects the sensitivity of the test. It is defined as the time required for liquid to move along and completely fill a membrane of defined length, and its unit of measurement is seconds per centimeter. It is inversely related to the capillary flow rate.
Backing
The continuity and the handling properties of the nitrocellulose membrane are affected by the brittleness, scratchy and irreversible compressive nature of membrane for which it should be backed with nonporous films.
